This paper describes an evaluation of a new game concept, Lecture Quiz, which can be used in lectures in higher education to promote strong student participation and variation in how lectures are taught. The lecture game uses the equipment and infrastructure already available in lecture halls like the teacher's portable PC, a large screen and a video projector, network connections, and the students' mobile phones. The main game runs on the teacher's portable PC projected on a large screen, whereas the students will interact with the game using their own mobile phones. Lecture Quiz is a multiplayer quiz game, which offers a variation in game modes where unlimited number of players can play simultaneously. Games like Lecture Quiz are most useful for testing and rehearsing theory. As a bonus, the teacher will get quantitative data on how much of the theory the students actually have learned.
Introduction
Video games have over the last couple of years become more and more used within schools to teach children mathematics, geography, English and other subjects. Experiences show that video games can be effective and compelling context for children's learning [16, 9, 8] . The common approach of using video games in schools is to let the children practice on certain skills in a computer lab supervised by a teacher. Previous research shows that it can be beneficial for academic achievement, motivation and classroom dynamics to use video games within a classroom [18] . It is also believed that the teaching methods based on educational games are not only attractive to schoolchildren, but also to university students [19] .
There are some examples of how video games can be used in higher education, e.g. [3, 14, 13 ], but we believe that this area needs to be explored more extensively. The research within this domain mainly focuses on two main areas: development of new game concepts and game technologies for higher education, and evaluation of these concepts and technologies. A video game can mainly be integrated into a university course in two ways. First, video games can be used instead of traditional exercises. This approach should motivate the students to put extra effort into the exercises and gives the teachers an opportunity to monitor the students when they are doing the exercises. Second, video games can be used within lectures to improve the participation and motivation of students.
The initial main goal of the Lecture Quiz project was to develop a game concept that could be used in any course that would (1) test, motivate and engage the students, and (2) that the game should use the existing equipment and infrastructure available in the lecture halls at our university. It was also important that as many students as possible could participate in the game simultaneously. Most lecture halls at the Norwegian University of Science and Technology (NTNU) are equipped with video projectors that can be connected to any laptop PC, and wired/wireless network. All of our students own either a mobile phone or a laptop PC than can run J2ME applications.
The game concept we developed was a variant of the existing Sony PS2 quiz-game series Buzz! [1] . The main difference is that our game allows unlimited number of players, the teacher is the game-show host, and the players will use their personal mobile phones as game controllers.
Game-based learning in mobile and ubiquitous learning environments has gained interest in recent years, e.g. [17] . Studies show that wireless technology used in an educational setting can increase mental activity [10] , facilitate interactivity [20] , and promote social interaction [6] . This paper describes an evaluation of the Lecture Quiz game concept used in a software architecture lecture. The emphasis of the evaluation is on how the students perceived usability and usefulness of the game when used for teaching.
The rest of the paper is organised as follows. Section 2 describes the game concept. Section 3 describes the evaluation. Section 4 describes similar approaches, and Section 5 concludes the paper.
The Game Concept
Malone has listed three main characteristics that makes things -in our case games -fun to learn: they should provide the appropriate level of challenge, they should use fantasy and abstractions to make it more interesting, and they should trigger the player's curiosity [12] . Lecture Quiz was developed with these three characteristics in mind and resulted in a concept illustrated in Figure 1 similar to game shows on TV. The teacher plays the role of the game show host and the students participate using their own mobile phones. Considering Malone's characteristics, quiz games are likely to trigger the player's curiosity, provide a challenge for the player, but not provide much fantasy. However, the lack of fantasy can partly be compensated by making a multiplayer game where the social interaction becomes an important motivating factor for playing. Social interaction is important for games used in lectures as it promotes more active students. The level of the challenge in a quiz game is adjusted by the changing the difficulty level of the questions. However, it cannot be tailored for the individual differences. The main benefit of choosing a quiz game concept is the independence of subject. Quiz games are most useful for testing and rehearsing theory.
A game session in Lecture Quiz starts by students registering a nickname on the mobile client. When the game starts, the teacher's PC will display a question with a number of alternatives on a large screen, and the students have to choose among the alternatives on their mobile client. The questions are timed-out after a specified number of seconds, and the performance results are displayed on the large screen. Feedback is also given directly to the students on the mobile client. Version 1.0 of Lecture Quiz evaluated in this paper offered two game modes played in succession:
Score distribution: In this game mode, the presentation of the students' answers distributed on the various alternatives is shown in an animated 3D bar diagram and the correct answer is Last man standing: In this game mode, the players have to answer correctly to play in the next round. After each question, all the players that have participated in the round are displayed on the screen as avatars with a nickname beneath, see Figure 2b ). The players that have answered incorrectly get shot and will not make it to the next round. The goal of this game mode is to be the last man standing as shown in Figure 2c ). Also for this mode, the graphics automatically scale the avatars and the text to adjust for the number of players.
In version 1.0 of Lecture Quiz, the same questions are used for both modes. This means that the students can learn the correct answers in the first round (score distribution), but only the students that remember all the correct answers get through the second round (last man standing).
The Lecture Quiz game was implemented by two master students (the second and third authors) in four months. The client runs on any mobile phone supporting J2ME MIDP 2.0 or a PC through a web-based J2ME-emulation. Any available wireless network that supports http-access can be used to transfer data between the mobile client and the game server (GPRS, Edge, 3G, WiFi etc.). Note that if the mobile phone does not support WiFi, the user will be charged for a small amount for the data transmissions. The teacher's game client runs on any PC than can run Java SE and an open GL API. A technical description and evaluation of Lecture Quiz can be found in [23] .
Evaluation of the Lecture Quiz
The test of Lecture Quiz was conducted May 8th 2007 in the summary lecture in a software architecture course at NTNU. Twenty software engineering master students participated in the experiment. The student population was 85% male with an average age of 23. None of the subjects The subjects had to fill in a form after they had played the game. The goal of the experiment was to provide empirical data regarding if lectures can benefit from using games like Lecture Quiz. The form measured 1) the usability of the system and 2) the suitability and usefulness. ISO 9241-11 defines three measurements for usability: satisfaction, effectiveness, and efficiency [15] . To measure usability we used the System Usability Scale (SUS), which is a generic questionnaire with 10 questions for a simple indication of the system usability as a number on a scale from 0 to 100 points. Each question has a scale position from 1 to 5. For items 1,3,5,7 and 9, the score contribution is given by subtracting 1 from the scale position. For item 2,4,6,8 and 10, the contribution is 5 minus the scale position. This implies that each question has a SUS contribution of 0-4 points. Finally, the sum of the scores are multiplied by 2,5 and divided by the number of replies to obtain the SUS score. The questionnaire is commonly used in a variety of research projects [5] .
In addition to the 10 generic questions from SUS, we added 11 specific questions regarding suitability, the perceived usefulness and about the equipment being used.
Results from System Usability Scale (SUS) Questions
The results of the System Usability Scale score is shown in Table 1 . Our system scored 74,25 of 100 points, which indicates that the system is easy to use. This was not a big surprise as the user interface of the client is very simple. The main challenge for some users was to enable their mobile phone to send/receive data and to download the game client. This process can be improved by allowing the students to send an SMS to receive a direct download link.
Results from Questions about Suitability Usefulness and Equipment
The results from the questions about how useful Lecture Quiz was are shown in Table 2 . The results indicates that the students found the use of Lecture Quiz engaging, that they perceived they learn more using such games and that they would be likely to attend more lectures if such games are used regularly. How much the students actually learn from the game is hard to assess, but there was Table 1 . Lecture Quiz SUS Scores a significant improvement in number of correct answers from the first to the second game mode. Further, they did not feel that the introduction of a game in the lecture was distracting. In question 17, we asked if the students felt reluctant to pay 0,50 NOK ($0,07) for the data transfer necessary to play the game in the lecture. Most students did not find this a problem.
Table 2. Usefulness of using Lecture Quiz
In addition to question 11 -17, we also asked questions regarding the mobile client. 90% of the students did not have any problem with the running the client software. 100% of the students said that they owned a laptop PC with WiFi support. 75% of the students said that their mobile phone supports Bluetooth. Thus it could be possible to use Bluetooth for communication between the client and the server. The main problem with this approach is the long delay for establishing connections, low bandwidth, limited number of connections, and addition hardware (Bluetooth server). Finally, 35% of the students said they used a laptop to play the game.
Experiences from the Teacher's perspective
Lecture Quiz was tested in a summary lecture 1 in the course Software Architecture. In addition, Lecture Quiz has been tested on several students not being part of a particular lecture. Lecture Quiz has received good reviews from the students on concept, engagement and playability. For the teacher, the game concept is easy to integrate into a lecture. PowerPoint is used in many lectures making it easy to start Lecture Quiz without any additional delays or interruptions. The questions were added to the game through a web-based mySQL database-interface. An improvement would be to make a simpler web-interface to enter questions. The first time the game is introduced to the class, the students have to download the game client. In the summary lecture described, Lecture Quiz was played in the second half of a two-hour lecture. At the end of the first half (before the break), the teacher displayed a slide describing how to download, install and run the game client. Thus, there were no unnecessary delays during the lecture.
As Lecture Quiz was used in a summary lecture, the questions focused on the main topics from the syllabus in the software architecture course. Here are three examples from the questions used:
What design pattern allows a uniform treatment of groups and primitives? What is view fusion in reconstruction of architecture? What is the most important output of the CBAM?
It was useful and a bit disappointing to see the performance of the students during the first game mode (Score Distribution). However, during the second game mode (Last Man Standing), most students performed much better.
In addition to summary lectures at the end of a semester, Lecture Quiz can be used regularly during a semester to test how much the students learn during lectures, and engage students to pay more attention to what being taught in lectures. As a bonus, students might find it easier to interact in the traditional lectures. A game session can typically last from 5 to 20 minutes depending on how many questions being asked and the number of game-modes played. The first author has previous experiences from using a variant of Who Wants to Be a Millionaire in classes several times in a semester with success. Such games are most appropriate for reviewing theory in one topic before staring on a new. The main benefit with Lecture Quiz approach is that all students can participate.
Related Work
As far as we know, there are no papers describing exactly the same game concept using the technical infrastructure in lecture halls. However, there are some related approaches presented in this section.
The TVREMOTE Framework was designed to allow hundreds of students to participate and give feedback during lectures using mobile phones over the GPRS network [4] . The system features polling of students' opinions and electronic question submission. The teacher can also broadcast links, notes, and multiple-choice questions. The teacher collects the feedback and reads it from a private display.
Classroom Presenter is a Microsoft PowerPoint plug-in to allows students to write comments directly onto the digital slides with a stylus or a keyboard input using a tablet PC [11] . Exercises are broadcasted to the tablet PCs, and the students write their answers onto a blank space of the slide. The teacher can then browse through the replies. WIL/MA is a tool for digital hand raising, spontaneous student comments and multiple-choice questionnaires [21] . The clients run on PDAs and a WiFi connection is used to transfer data. The teacher obtains the students' responses on his PC.
ClassInHand features a presentation controller, real-time quiz and student/teacher interaction [22] . The students' clients run on Windows Mobile PDAs and the teacher is also running his/her client on a PDA. The teacher's client is used for information retrieval and this information can later be presented to the students independently of the ClassInHand system.
ClickPro is a commercial classroom polling application for teaching in elementary school [2] . The system is based on infrared technology, giving the students special remote controls to submit the answers of multiple-choice questions. The teacher controls the application on a PC and the answers are displayed on a large screen. Each student is assigned a number that is displayed on the screen so the student can see if his answer is correct or not.
Buzz was originally conceived as commercial trivial game for Sony PS2. With government funding, a new version of the game named Buzz! The School quiz was designed especially as a tutoring tool [7] . The game will be marketed towards education institutions and comes with content covering Stage 2 National Curriculum for private schools in the UK.
Apart from Buzz! The School quiz, none of the systems above was intentionally designed as a game. Many of the systems provide functionality for running quiz, but the main focus is for the teacher to get the knowledge level of the students, as the result is not presented for the students. The ClickPro system has many similarities to Lecture Quiz, but was not designed as a game e.g., including different game modes. Only TVREMOTE was design to support large classes.
Conclusion
In this paper we have presented an evaluation of the Lecture Quiz game integrated into a software architecture lecture. The results of the evaluation showed that the game was easy to use and run using the available equipment in lecture halls. Further, the students claimed that the game contributed to increased learning and motivation. The students also claimed that they would more likely to attend to more lectures if such games were used.
More work needs to be done to evaluate how regular usage of such games in courses will affect the students' motivation and how much they learn. The main benefit from using such games in lectures is to provide a fun way for students to review topics and to provide useful feedback to the teacher of how much the students have learned.
